92.1%. Subsequently, we implemented multiplex MSP with capillary electrophoresis to investigate methylation status of the four tumor suppressor genes in tissue specimens and explore the prognostic value for HCC patients. As the data suggested, multivariate cox regression analysis revealed that the recurrence-free survival of 46 patients was greatly associated with portal vein tumor thrombus (PVTT) and p16 methylation and receiver operating characteristic (ROC) curves demonstrated that the predictive range of portal vein tumor thrombus (PVTT) combined with p16 hypermethylation was more sensitive than that of either PVTT or p16 hypermethylation alone with regard to disease recurrence in patients with HCC, which could be testified as a valuable biomarker in Clinical application.
Conclusion:
Multiplex MSP coupled with capillary electrophoresis has an excellent prospect of clinical application for monitoring early liver cancer and screening valuable biomarkers for prognosis of HCC patients.
K E Y W O R D S
biomarkers, capillary electrophoresis, Hepatocellular carcinoma, methylation, Multiple MS-PCR a dismal five-year survival rate less than 15%. 1 Additionally, DNA methylation is an epigenetic modification and cancer-specific DNA methylation alterations in tissues and blood of cancer patients can serve as markers for risk assessment, monitoring progression, early detection, and prognosis prediction. 8 Hence, to investigate the prognostic value for HCC patients, tumor suppressor genes (TSGs;
RASSF1A, p16, SFRP1, and ELF) were served for research. The RAS association domain family 1A gene (RASSF1A) is a key member of cell adhesion molecules, 9 playing a vital role in tumor invasion and metastasis. [10] [11] [12] [13] [14] [15] [16] p16 is critical in cell cycle regulation and therefore acts as a tumor suppressor. [17] [18] [19] Embryonic liver fodrin (ELF) has a pivotal effect on the control of Smad access to activate receptors involved in regulation of TGF-β-signaling, 20 which is a key suppressor of tumorigenesis. 21, 22 Secreted frizzled-related protein 1(SFRP1) can inhibit the development of epithelial-mesenchymal transition (EMT), which is associated with tumor infiltration. which has become an attractive separation method because of its excellent advantages including fast-separation, high-resolution, and less sample consumption, 24 thus giving rise to notable savings of labor and reagent costs, and errors from sample pretreatment steps can also be avoided. 25 Thus, this study aimed to provide a more sensitive and efficient detection method for screening and making prognosis prediction for liver cancer. with informed consent. These samples were immediately stored at −30°C until DNA extraction. According to the manufacturer's proto- 
| MATERIAL S AND ME THODS

| Materials
| Bisulfite modification and multiplex methylation-specific PCR
DNA (200 ng) was subjected to sodium bisulfite modification using the EZ DNA Methylation kit (Zymo Research) according to the protocol described in the user manual. Multiplex MS-PCR was performed in a volume of about 25 μL that contained 6.25-100 ng of the sodium bisulfite-treated DNA with Multiplex PCR kit (QIAGEN, Germany).
The multiplex MS-PCR primer sequences for RASSF1A, p16, SFRP1, and ELF were listed in Table 1 . After heating at 95°C for 15 minutes, PCR was performed in a thermal cycler for 30 cycles, each of which consisted of denaturation at 94°C for 30 seconds, annealing at 63°C
for 90 seconds, and extension at 72°C for 90 seconds, followed by a final 10-minute extension at 72°C. The PCR products were analyzed by agarose electrophoresis, polyacrylamide gel electrophoresis, and capillary electrophoresis.
| RE SULTS
| Sensitivity properties of CE detection
The placenta had been used as a reference tissue, which allowed researchers to utilize an important residual tissue whose DNA Figure 1A -C); nevertheless, if the concentration of template DNA was equal to or greater than 6.25 ng, the methylation status of three genes would be tested (RASSF1A, p16 and ELF; Figure 1D ).
| CE could enhance detection accuracy compared with other two electrophoresis methods
To validate whether capillary electrophoresis outweighed polyacrylamide gel electrophoresis and agarose electrophoresis in
The comparison between capillary electrophoresis, polyacrylamide gel electrophoresis, and agarose electrophoresis method in terms of detection accuracy. A, Representative example of plasma samples from two HCC patients with capillary electrophoresis, polyacrylamide gel electrophoresis, and agarose electrophoresis detection. B, AUCs, sensitivity, and specificity with regard to capillary electrophoresis, polyacrylamide gel electrophoresis and agarose electrophoresis detection. AUC, area under curve
terms of detection accuracy, the three detection methods were utilized to test the TSGs methylation status among an identi- TA B L E 2 The comparison of detection accuracy between capillary electrophoresis, polyacrylamide gel electrophoresis, and agarose electrophoresis
The specificity of capillary electrophoresis to detect multiplex MSP products. A, Placenta genomic DNA treated with SssI methylase and genomic DNA from normal liver tissue were used as positive control and negative control for RASSF1A, p16, SFRP1, and ELF, respectively. B, Bisulfite sequencing of RASSF1A, p16, SFRP1, and ELF. The targeted sequences were coincident with purpose fragments and CpGs in MSP product were replaced by TpGs in USP product. M: PCR product with methylation-specific primers; U: PCR product with unmethylation-specific primers
shown in Figure 2A , which validates that capillary electrophoresis could detect more hypermethylated genes compared with the other two detection methods. From the data suggested, the detection accuracy could reach 92.1%, 87.5%, and 84.3% with capillary electrophoresis, polyacrylamide gel electrophoresis and agarose electrophoresis detection, respectively ( Figure 2B ; Table 2 ), which demonstrated that capillary electrophoresis had an edge over the other two detection methods in respect of detection accuracy, sensitivity, and specificity.
| Application of multiplex MSP with CE detection to explore prognostic value for HCC patients
Placenta genomic DNA treated with SssI methylase was used as a positive control, and normal liver tissue was substituted for genomic DNA as a negative control ( Figure 3A) . The methylation status of tumor suppressor genes with M set primers could be detected in methylated placenta while they could not be detected
Multiplex MSP analysis of RASSF1A, p16, SFRP1, and ELF in representative samples of hepatocellular carcinoma (HCC) with capillary electrophoresis detection. M, methylation, U, unmethylation. The horizontal axis and vertical axis represents product size and peak height, respectively in normal liver tissue. However, they could be tested in normal liver tissue with U set primers. Also, the detection specificity was confirmed by the sequence of MSP and USP product ( Figure 3B ).
The CpGs were frequently methylated in genomic DNA of treated placenta with SssI methylase, while they were replaced by TpGs in USP product. DNA was isolated from tumor tissues of 46 stage Ι-IV HCC patients, and dealt with sodium bisulfite. Table 4 . Multivariate cox regression analysis revealed that the recurrence-free survival of 46 patients was greatly associated with PVTT and p16 hypermethylation (Table 5 ), which could confirmed that PVTT and p16 hypermethylation were significant predictors for HCC. In addition, to analyze the prognostic value of combining PVTT and p16 hypermethylation for HCC, ROC curve analysis was applied for prediction accuracy of prognosis.
The area under curve (AUC) for HCC prognosis prediction determined from PVTT and p16 hypermethylation was 57.0% (P = .422) and 67.7% (P = .042), respectively. Whereas a prognostic panel with PVTT and p16 hypermethylation combination was effective for prognosis prediction with AUC reaching 75.4% (P = .004) ( Figure 6 ; Table 6 ). 
| D ISCUSS I ON
Hepatocellular carcinoma (HCC), like multistep carcinogenesis of other cancers, has undergone a progression from hepatitis B virus (HBV) hepatitis, followed by liver cirrhosis (LC), and finally to carcinoma. In the present research, except alpha-fetoprotein (AFP) exploited extensively in clinical practice, the alterations in DNA methylation pattern have been also recognized as one of the most frequent molecular phenomenon in liver cancer. 29 Consequently, the detection of altered DNA methylation patterns in promoter region of cancer-related genes may provide useful tool for tumor behavior monitoring or recognition of recurrence. [30] [31] [32] Thus, the study laid stress on seeking higher-sensitivity method to detect aberrant methylation as biomarkers for prognostic prediction of HCC patients. F I G U R E 6 Receiver operating characteristic (ROC) curves of sensitivity vs 1-specificity. A, Receiver operating characteristic curve for the model that includes PVTT. B, Receiver operating characteristic curve for the model that includes p16 hypermethylation. C, Receiver operating characteristic curve for the model that includes PVTT and p16 hypermethylation be put emphasis on specificity of primers, appropriate annealing temperature, and primer proportion. Firstly, as base pair mismatches in the primer-binding regions can reduce affinity of the primers for the template and are intended to cause reduced or no amplification of non-targets, the location of the base pair mismatches within the primer sets is extremely important to assay specificity. 33 Then, the choices of identical annealing temperature are essential for several pairs of primers that would be put into a reaction tube to amplify with multiple MSP. Yet, several pairs of primers of genes should be chosen to have close Tm value so that identical and appropriate annealing temperature could be developed. Relatively high annealing temperature should be used in PCR system as the annealing temperature is elevated, and the stringency of primer annealing is also increased, leading to more specific and reproducible amplification.
In the study, the establishment of multiplex MSP system with capillary electrophoresis was applied to detect methylation status of TSGs to analyze the prognostic value for HCC patients. Cheng et al 34 reported that PVTT would worsen prognosis of HCC patients, which was consistent with our results. Subsequently, our data revealed that patients with p16 hypermethylation had a high probability of recurrence and poor prognosis, matching with Eunkyung ko et al' results that p16 hypermethylation may be associated with a poor prognosis in recurrent hepatocellular carcinoma. 35 However, ROC analysis delineated that combined PVTT and p16 hypermethylation could yield the advantages with more precise than the individual indicator. This result indicated that combined biomarkers would be a more valuable marker for prognosis prediction of HCC patients.
In conclusion, multiplex MSP with capillary electrophoresis has an excellent prospect of clinical application for monitoring early liver cancer and screening valuable biomarkers for prognosis of HCC patients. And the most interesting finding was that the predictive range of PVTT combined with p16 hypermethylation was more sensitive than that of either PVTT or p16 hypermethylation alone with regard to disease recurrence in patients with HCC. TA B L E 6 The comparison of prognostic accuracy between PVTT, p16 hypermethylation, and the two combined elements for recurrence-free survival of HCC patients
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